Flood vulnerability assessment as an essential part of the urban flood management is done by various methods by several researchers. In fact, the improvement in assessment methods is related to the necessity for enhanced decision-making procedures; for instance, economic or infrastructural investments in cities can be assigned in the best form. To achieve this aim, introducing indices for evaluating vulnerability and identifying more vulnerable zones and then doing relevant comparisons can be useful. District flood vulnerability index (DFVI) developed by the author uses 25 indicators in its calculation. Nevertheless, it is obvious that some of these indicators have no effect on the consequences. This paper presents the results of the analysis for the selection of the most significant indicators of the DFVI construction. This index is appropriate for urban district scaling (or: the urban district scale) and the various components of flood vulnerability (social, economic, environmental and physical). DFVI was made by analyzing the indicators' relevance and by studying the main indicators needed to depict reality of the urban district floods in an effective way. For this purpose, expert elicitation was done by Delphi and AHP method in two separate phases. Then, all these results were combined in order to construct DFVI equations. Finally, the index was implemented in Kuala Lumpur city's districts. This paper outlines which district of cities (in this case Kuala Lumpur) are most vulnerable to flood hazard with regard to the system's components, that is, social, physical, environmental and economic.
Introduction
Flood hazards are expected to occur more severely and frequently because of the effects of climate change. As a result, many areas in the world are facing the serious threat of flood hazards. Unplanned or poorly planned urbanization, rapid conversion in land use, and fragile flood management are some of the factors contributing to adverse flood effects which would lead to escalating risks for the inhabitants (Nasiri et al. 2016 ). This paper argues flood vulnerability assessment as the vital part of urban flood management. During the International Decade of Natural Disaster Reduction (IDNDR) from 1990 to 1999, it was recognized that the earlier concept of "flood protection" was inappropriate (UNISDR 2009 ). There cannot be complete protection, which is inaccessible and cannot be sustained, due to very high costs and inherent unpredictability. Flood management has been suggested as a realistic alternative, because it is more applicable and this concept is now being increasingly accepted and practiced in environmental studies. Flood risk management encompasses a wide group of subjects and tasks extending from the forecasting the risk, their social implications to methods and tools to minimize risks and economic costs and loss of human lives to adequate and acceptable levels. Avoiding, decreasing or shifting the effects of flood for mitigation and adaptation is the primary objective of flood risk management (UNISDR 2009) . Two approaches exist in facing flood: structural (flood protection) and nonstructural measures. Structural measures involve expanding the infrastructure like levees, dams or river dikes that alter the river flow (Faisal et al. 1999) . The basic principle 1 3 requires storage, diversion and confinement of floods. Nonstructural measures involve numerous mitigation actions but do not include altering the river flow. They cover training, flood insurance, assessment methods, emergency services, land-use planning, construction codes, warning and forecasting, etc. (Ballesteros-Cánovas et al. 2013 ). The goal is to reduce loss of life and property, but it is inevitable, even structural measures could have useful consequences for a specific period; they also lead to potential threats as well because they rebuild natural processes but do not follow natural rules (Gao et al. 2007) .
In flood risk management, flood risk is generally based on three factors: hazard, exposure and vulnerability (Roberts et al. 2009 ). Hazard is the extreme natural event including its frequency; exposure refers to the people, their environment and properties affected by flood; and vulnerability refers to the susceptibility of people and properties and the coping capacity to deal with flood impact (Kron 2009) . In this regard, to decrease the impact of flood through flood management, the evaluation of flood risk constituents is unavoidable. Hence, evaluation of vulnerability is an important element of flood management and decreasing vulnerability is becoming more significant aspect of this kind of management, with population increasing in urban areas (Ahmad and Simonovic 2013) . To achieve this aim, vulnerability assessment methods development is very appropriate (De Moel et al. 2012) . There are diverse distinctions in the current methodologies for hazard vulnerability around the world. As regards to previous works with emphasizes on flood hazard, vulnerability assessment primary methods can be clustered into three groups (Huang et al. 2012) . Table 1 mentions these methods which are used by other researchers and describes the brief weaknesses and strengths of each group.
In the context of cities, urban planners have expanded urban management measures to tackling hazard impacts by simplifying the decision-making process and helping city authorities (Kang 2009 ).One of these measures is presenting new indexes for assessing vulnerability and recognizing more vulnerable regions.
Current paper presents attempts to decrease the scale of flood vulnerability index from large city to district scale of inner city, because different scales have dissimilar indicators which make them vulnerable to floods. This is desired for orienting future urban growth away from risk areas and promotes a resilient-district concept for which there is a need to recognize the most vulnerable areas of each city. The previous flood vulnerability indexes focus on large scale neglecting some of the factors which change the vulnerability of smaller spatial scales, such as urban districts. Accordingly, this study aims to develop flood vulnerability index with significant local factors and provides more comprehensive interpretation of these factors being suitable for district scale.
Theoretical framework
Urban systems can be vulnerable to floods because of three main aspects: exposure, susceptibility and resilience. As such, vulnerability of urban area reflects the exposure and susceptibility of the city to flooding and the resilience of that region to cope and recover from the impact of the flood. (Smit and Wandel 2006) .
As mentioned, for assessing vulnerability of human systems, one of the simple methods is index construction. The index is a quantitative variable that would allow comparison of the disaster risk and its impacts between varied areas exposed to flood. (Birkmann 2007) Every index is conducted first by identifying the most suitable type of data to counting vulnerability and second recognizing available data at the spatial scale of study (Mclaughlin and Cooper 2010) . The indexes let us to identify aims and provide strategies guidance to reduce vulnerability and to set more precise and quantitative targets for vulnerability decrease. (Balica 2007) .
The flood vulnerability index is a method to assess flood vulnerability based on: river basin, sub-catchment, and urban area scales by categorizing different components that affect the susceptibility of the people who live in flood prone areas. The previous indexes identified four main social, economic, environmental and physical components which are specified by some indicators in (Balica 2007 ) research and Meteorological, Hydrogeological, Socioeconomic and Countermeasure Components in (Connor and Hiroki 2005) study. Connor and Hiroki (2005) calculated this index for river basin system and stated that there are a lot of factors except precipitation and runoff, which influence a basin's flood vulnerability such as preparedness and resilience capacity. They suggested four key components in a river basin, which affect flood vulnerability; Meteorological Component (MC), Hydrogeological Component (HC), Socioeconomic Component (SC), and Countermeasure Component (CC). Balica (2007) extended this definition to sub-catchment and urban systems. She recognized another four components for these two scales: economic, environmental, social and physical components, which can be assessed by various indicators. Interaction between these components and the mentioned factors of the system (exposure, resilience and susceptibility) is the basis of flood vulnerability index methodology (Fig. 1) . The social component ensures the vulnerability of an area to a flood in terms of social development. Physical components include physical condition, both natural and artificial, which affects flood vulnerability of a specific area. Environmental component consists of indicators which mention the environmental damages caused by flood hazard or artificial interventions, which can raise the vulnerability of a particular area and finally economic components include economic issues such as income, economic activities, industries, agriculture and power production, which are affected by flooding (Balica 2007) .
As regards to this theoretical framework, for introducing flood vulnerability index for Kuala Lumpur context, it is essential to identify the flood vulnerability components (physical, economic, environmental and social) and their indicators for Kuala Lumpur city and determine the most significant indicators which are appropriate for the district scale through expert opinions and regulate weights of selected indicators to define the index then at the end construct the district flood vulnerability index (DFVI) for Kuala Lumpur districts.
Malaysia case study
Malaysian cities are fortunate as they do not face hazards like earthquakes, but intensive floods happen regularly. Flash floods and monsoon floods are two kinds of floods that occur rather frequently in Malaysia. Table 2 displays   Table 1 Comparison vulnerability assessment methods. Source: Huang et al. (2012) , Balica et al. (2013) , Nasiri and Shahmohammadi-kalalagh (2013) 
Materials and methods
For developing the new index, the model construction flowchart (Fig. 2) was beneficially used as an initial step. In the first step, a set of indicators from different sources was gathered. For screening more appropriate indicators for urban district scale, which will make a district vulnerable to floods, expert elicitation was done through Delphi Fuzzy method. With regard to respondents' time limitations and with respect to accomplishing one round Delphi survey, which is assumed sufficient for screening the variables, researcher decided to choose this method for extraction of experts' opinion. Five point Likert scale questionnaires' results which filled out by Kuala Lumpur urban planning and urban flood experts were accumulated in fuzzy pattern. Considerable discussion and consultation has been devoted to the identification of the variables used in the calculation of the DFVI. The primary indicator set which are more suitable for district scale is mentioned in results section.
Results and discussion
Recent section is divided into some steps: first is the screening the different indicators of an urban district which will make it vulnerable to floods through Delphi Fuzzy method. Second part presents the indicator weighing achieved by AHP methodology. For running the AHP method in the DFVI construction process, expert choice software is employed. At that moment, index construction was completed. It is followed by implementation of the constructed index in case studies and comparison of the indices in six strategic zones of Kuala Lumpur, aggregating the indicators in terms of vulnerability index. The acceptance and rejection of variables are also matters of threshold value that are determined by the researcher. The threshold is determined as 0.7 for this research. Those variables which show a real score higher than the threshold value after defuzzification were taken, and the rest discarded.
The final indicators for DFVI which gained from Delphi survey are presented in Tables 3, 4 .
The next step in index construction is determining the weight of each indicator for using in index equation. By using the analytic hierarchy process (AHP) pairwise comparison process, weights or priorities are derived from a set of judgments. Once the model is built, the next phase is to evaluate the elements by making pairwise comparison hierarchy tree. This pairwise tree in this study can be divided into four parts as shown in Fig. 3: • goal (weighting DFVI's indicators), • criteria (social, physical, environmental and economic) • sub-criteria (population density, flood map existence, low-cost building, length of drainage, rainfall, runoff amount, river number, open space land use, number of industrial units and commercial units) • alternatives (high vulnerability zone, medium vulnerability zone and low vulnerability zone)
The final normalized weights for selected indicators are presented in Table 5 . After weights have been assigned to each component of index between diverse ways in which variables can be combined to form an index, we follow the composite index approach, as used in the construction of the Human Development Index and social vulnerability index and most of environmental issues. Index aggregation was done with regard to two equations.
First: Additive aggregation is implemented in the index as a weighted linear combination of normalized indicators Second: Flood vulnerability equation (Connor and Hiroki 2005; Balica and Wright 2010) respects to exposure, susceptibility and resilience components where E shows all the indicators in exposure factor, S contains all the indicators in susceptibility factor and R covers the resilience indicators.
With merging these two equations, Eq. (3) is achieved According to assigned weights to each of the district indicators which are attained in previous part (Table 5) 
Pilot implementation of DFVI at Kula Lumpur districts
The implementation of flood vulnerability index is done within the context of a particular place. For this research, the test bed for the analysis is the Kuala Lumpur city due to the devastation this area suffered from flooding. Kuala Lumpur as the federal capital is most inhabited city in Malaysia. Population data reveal nearly 1.6 million people resided within the 243 km 2 area. Kuala Lumpur is distinct within the boundaries of the Federal Territory of Kuala Lumpur. It is a district within the state of Selangor, on the central west coast of Peninsular Malaysia (DBKL 2004) . Kuala Lumpur megacity has been divided into six strategic zones for city plan 2020 whose boundaries support with major roads, rails and river corridors. These strategic zones can be used as this research required scale because they are the most suitable small scale inner the Kuala Lumpur with more available data for running the vulnerability index model. This division includes the following areas (Fig. 4) .
Alongside the DFVI values for each district, normalized results are presented for further comparison and also serve the purpose of easier interpretation (Table 6 ). Figure 5 shows these values in graphical form.
Conclusion
The application of the district flood vulnerability index could offer a unique attitude to the assessment of vulnerability to floods in a more precise and local manner. Media and policy-makers consider rising attention at composite indexes as an attractive tool to draw the community's caution and help by concentrating on policy debates. In this regard, DFVI construction method has been presented. The district-based DFVI offered comparative information on many characteristics of vulnerability and flood risk. Nevertheless, this method also increased challenging questions about the selection and aggregation of the indicators. Some of the chosen and combined indicators were found to be redundant to a certain extent. Moreover, some indicators were found to be very context-specific and thus need to be selected with precaution when applying them for other societies and scales. For example, indicators such as "rainfall amount" or "river number" could be different in district of tropical mega cities (e.g., Kuala Lumpur), but in other geographical regions no meaningful difference between city districts' rainfall amount was noticed. For instance, the rainfall amount does not provide meaningful insights when comparing districts of the same city in dry semiarid climate. Consequently, alternative indicators will be needed. In other words, modifications are required in the index method in order to ensure that the approach evaluates the context, such as the differences between districts in different climatic regions. In conclusion, DFVI approach was found a suitable scheme which enables an interesting composing of indicators for physical, environmental, social and also economic vulnerability on the local level. 
